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ABSTRACT 
 
Mitral valve (MV) and Aortic valve (AV) are very important in circulatory blood inside 
the heart which function as a gate for the blood flow. Since the heart valves not working 
properly, the normal flow of blood inside the heart will be interrupeted. Malfunctioning 
Mitral Valve and Aortic Valve will cause death if it not immediately detected. The aims 
of this study are to investigate the blood flow pattern for MV and AV in 3D view which 
developed by ADINA-FSI application.  All the parameter of blood obtained from the 
previous studies. Both of valve models have been implemented without ventricles and 
presented as a Newtonian fluid flow in steady condition. The simulation from this study 
will cover  the blood flow pattern in term of velocity, effective stress on the leaflets, 
strain occurred in the critical area of both heart valves and the nodal pressure pattern 
flow during the systolic process phase. Moreover, these studies enable to investigate 
performance characteristics such as effective stress and strain which are very difficult to 
evaluate experimentally. The findings showed, the velocity and nodal pressure are linear 
correlation with the blood pressure increased during systole process. Effective stress 
and strain results showed the critical area region and maximum values with fix Young 
Modulus 2MPa. The significant simulation results from this study were very useful to 
give a clear view to the medical practitioners about the pattern of blood flow through 
MV and AV. Furthermore, these models can be used to investigate heart valve failure 
and subsequent surgical repair treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
ABSTRAK 
 
Injap Mitral dan Injap Aortic merupakan bahagian penting yang berfungsi sebagai pintu 
untuk proses keluar masuk  bagi peredaran darah di dalam jantung. Sekiranya injap ini 
mengalami kerosakan atau tidak berada dalam keadaan baik, maka peredaran darah 
akan mengalami gangguan dan seterusnya akan menyebabkan komplikasi pada jantung. 
Objektif untuk projek ini adalah untuk mengkaji bentuk atau illustrasi peredaran darah 
dalam 3 dimensi yang melalui injap Mitral dan injap Aortic dengan penggunaan aplikasi 
perisian ADINA-FSI. Parameter bagi darah diperolehi dari sumber kajian.Kedua-dua 
injap yang dihasilkan adalah tanpa mengambil kira ventricles dan dikategorikan sebagai 
bendalir Newtonian serta sistem berada dalam keadaan yang stabil.Simulasi dari projek 
ini akan menghasilkan keputusan peredaran darah dalam konteks halaju, kesan tekanan 
yang berlaku pada injap, kesan terikan dan tekanan darah yang mengalir dalam sistem 
jantung pada proses fasa tekanan tinggi.Tambahan, untuk mengkaji kemampuan bagi 
kesan tekanan dan terikan adalah merupakan satu perkara yang agak sukar di lakukan 
atau di terjermahkan melalui eksperimen. Berdasarkan keputusan yang di analisa dari 
applikasi ADINA-FSI, keputusan menunjukkan halaju dan tekanan darah yang mengalir 
melalui kedua-dua injap ini adalah berkadar terus dengan tekanan yang di berikan 
kepada sistem. Signifikasi analisa bagi projek ini, keputusan yang di perolehi dapat 
digunakan oleh pakar perubatan untuk memberi gambaran jelas kepada mereka 
berkaitan dengan bentuk peredaran darah yang melalui kedua-dua injap ini berdasarkan 
parameter. Malah keputusan dari projek ini dapat di gunakan untuk mengkaji tahap 
kemampuan sistem injap jantung serta di gunakan untuk mengesan sekiranya 
berlakunya  kerosakan pada injap jantung dan rawatan pembolehbaikan di dalam 
pembedahan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 BACKGROUND  
 
The heart is a powerful muscle that pumps blood throughout the body by means 
of a coordinated contraction. It works as a pump to send oxygen-rich blood through all 
the parts of the body. A human heart beats an average of 100,000 times per day. During 
that time, it pumps more than 4,300 gallons of blood throughout the entire body.  
 
Basically, the heart consists of four compartments at right and left side which is 
two atrium and two ventricles. For each atrium and ventricles there have four valves 
which act to keep the blood flowing in a unidirectional. Repaired or reconstruct process 
for a heart valve is very complicated step and the percentage of risk to have bad 
complications was very high. But the risk of complications of heart valves dependent 
upon a full understanding of normal and abnormal heart valve anatomy and function. 
Restoration of valve function is performed via valve repair or artificial replacement. 
Repair is preferred in all cases (if suitable), with improved mortality, life expectancy, 
reduced risk of stroke and valve related complications.  
 
This project study just focused to the left heart compartments. The mitral and 
aortic valves are the common valves are the most common sites of heart valve disease, 
because of their location on the left side of the heart. The left chamber has a greater 
workload because the left side of heart need to pump the blood to the entire of body, 
meanwhile the right chambers just work to pump the blood flow only to the lungs. 
Computational simulation is one of the methods can be applied to give the clearest view 
of the interaction process blood flow through the MV and AV leaflets structure. 
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Therefore the fluid structure interaction models of mitral and aortic valve have been 
generated in three dimensional views to present the process of blood flow activities via 
both valves. By using the existing anatomy parameters and geometry from previous 
study, the 3D models of mitral and aortic valve implemented by using the 
SOLIDWORK application.  
 
1.2 PROBLEM STATEMENT 
 
Blood flow pattern is a fundamental aspect of cardiac function and abnormal 
function maybe reflected in the flow patterns. The Mitral valve (MV) and Aortic valve 
(AV) are very important in circulatory blood inside the heart which function as a gate 
for the blood flow. The Mitral valve (MV) and Aortic valve (AV) are very important in 
circulatory blood inside heart which function as a gate for the blood flow. Since the 
heart valves not working properly, the normal flow of blood inside the heart will 
interrupt. This heart disease will affect the efficiency of heart system. According to the 
journal “Simulation of blood flow through the mitral valve of the heart, a fluid structure 
interaction model” by Espino, Watkins, Shepherd, Hukins, and Buchan 2006. This 
paper investigates about the mitral valve failure causes death if it is not corrected 
surgically. Such surgical repair can be improved by understanding mitral biomechanics. 
A two-dimensional FSI model of the mitral valve was generated. A simple 
approximation of the heart geometry was used; the valve dimensions were based  on 
measurements made. Leaflet deformations agreed with results from experiments in the 
literature and with our previous experimental results. The blood flow pattern of heart 
circulatory via of both these valves can illustrate clearly in the 3D model. The certain 
parameters such as density of blood and leaflets of both valves will fix during the 
simulation process. The purpose of this study was to compute and visualize the blood 
flow pattern via the mitral valve and aortic valve within the cardiac cycle pressure 
range.  
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1.3 OBJECTIVES  
 
At the end of this project,the flow pattern via the mitral valve (MV) and aortic 
valve (AV) can be determined by using the simulation analysis based on the parameter 
of blood. 
 
1.4 SCOPES  
 
The scope of study is very important in order to identify the area of focus and 
boundaries of the research. The scope for this study are as follows:- 
 
i. The model will be limited to three dimensional (3D) model 
ii. The blood flow via MV and AV are in a steady state condition 
iii. Blood assumes as Newtonian 
iv. The blood flow assumed in isothermal condition. 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 HUMAN HEART 
 
 The human heart is the biological pump that generates the blood to moving 
throughout of heart circulatory system. Every second the heart contracts and expands 
without pause and the blood flows only in one direction in the circulatory system. In 
fact, our heart pumping approximately 2,000 gallons (7580 liters) of blood on average 
1000 times  
 
 
 
Figure 2.1: Healthy heart cross section   
 
Source : Journal Medicine Institute (2006) 
5 
 
 
Each valve has thin flaps of muscle tissue, called leaflets or cups that open to let 
the blood through and close tightly to avoid the backflow occurred during the systole 
and diastole process. The right atrium receives blood from the great vein (superior and 
inferior vena cava). It is the content high of carbon dioxide but is relatively depleted of 
oxygen, which has been absorbed by the body tissues. Tricuspids valve will open to 
receive the blood from the right atrium. After filling the right ventricle, the blood will 
pumped via the pulmonary valve directly to the lung organ. In the lungs carbon dioxide 
is removed from the blood and oxygen will absorb to the blood flows. The oxygenated 
bloods from the lungs enter the heart halves via Mitral valve (MV) to the left atrium. 
Finally the blood from the left atrium will pump out through the Aortic valve (AV) to 
the circulatory system.  
 
The Figure 2.1 shows the direction of blood flow via four heart valves. The blue 
arrow represents the depleted of oxygen in blood while the red arrow means the high 
contains of oxygen from the lungs. Cardiac cycle is the sequence of event for the blood 
completed the circulatory system. Systolic pressure defined as the high pressure when 
the beat or the contraction phase condition of heart forces blood circulates the whole 
body. Cardiac output defined as the volume of blood ejected from the left ventricle per 
minute. Diastolic pressure means the pressure between the heartbeats when the heart in 
the relax phase condition.  
 
2.2 HEART VALVE DISEASE  
 
 Heart valve disease is the condition in which one or more valve doesn't function 
properly. Each heart valve has thin flaps of muscle tissue (leaflets) act to ensure the 
blood flow always flow in the right direction. Since the heart valves not working 
properly, the normal flow of blood inside the heart will interrupt.  
  
2.2.1 Regurgitation  
 
Regurgitation occur when the valve does not close completely and letting blood 
leak backwards across the valve during diastole (relaxation). This backward flow is 
referred to as “regurgitates flow”.  
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Figure 2.2: Leaky Valve in the mitral valve position 
 
Source : Pick (2011) 
 
 
 
Figure 2.3: View Of Heart Valve Problem Causes By Regurgitation Problem 
 
Source: Retrieved Kardiol Website (2011) 
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2.2.2 Stenosis Problem 
 
The stenosis problem occurs when the tissue forming the valve leaflets becomes 
stiffer and the effect problem is the opening gate of a valve will become narrow. So the 
amount of blood flow via the valve less than a normal condition. However the valve can 
become so narrow which causes the heart function effectiveness reduced and the body 
will receive inadequate blood flow. 
 
 
 
Figure 2.4: The illustrations of gate valves become narrow 
 
Source: Journal American Society of Echocardiography (2011) 
 
2.2.3 Infection Endocarditic 
 
 Endocarditic infection is the condition of the bacteria will enter the blood stream 
and attach to the surface of heart valves. Colonies of microorganism that grow on the 
endocardium can cause holes in the valve. So this condition will interrupt the 
effectiveness of heart valve's ability to function well. 
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Figure 2.5: The bacteria attach at the top of the heart valve surface 
 
Source : Retrieved from Cleveland Clinic Website (2011) 
 
2.2.4 Rheumatic fever  
 
This problem usually started with an untreated streptococcal bacterial infection. 
It can affect any tissue in the body, including the joints, the brain, and the skin but most 
importantly it can scar the heart muscle and particularly the heart valve.  
 
 
 
Figure 2.6: Scarring of the heart muscle   
 
Source: Retrieved from Cleveland Clinic Website (2011) 
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The damaged such as inflammation, scarring problem at the heart, not just 
caused by bacteria infection but it has also come from the antibody response to fight the 
bacteria infection. 
 
2.3 MITRAL VALVE (MV) 
 
 The mitral valve is located between the left atrium and left ventricle chamber of 
the heart. Normal mitral valve consists of two leaflets, anterior and posterior. During the 
systolic process, the mitral valve function is to open the gate to allowing the blood flow. 
During the diastolic process, the mitral valve gate will close immediately to avoid 
unidirectional blood flow activities. 
 
 
 
Figure 2.7: Mitral Valve Structure 
 
Source: Thor (1999) 
 
2.3.1 Mitral Valve Prolapsed (MVP) 
 
 This disease is also known as click murmur syndrome, floppy-valve syndrome, 
balloon mitral valve, and Barlow’s syndrome. It is a deformity of the mitral valve that 
may prevent its leaflets from closing properly.  
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(a)                              (b) 
 
Figure 2.8 : (a) Normal Valve and (b) Mitral Valve Prolapse  
 
Source: Retrieved from Cleveland Clinic Website (2011) 
 
One or more leaflets maybe bulging or the entire valve may be out of its normal 
position. Depending on the degree of the deformity, the prolapsed can lead to mitral 
regurgitation. 
 
2.4 AORTIC VALVE (AV)  
 
 Aortic Valve (AV) located between the aorta (main artery) and left ventricle. 
The main function of AV is to ensure when the ventricles contract, the blood flows 
always in the correct direction. The AV consists of three leaflets which function as a 
gate in heart system. 
 
 The blood flow via MV will fill the left ventricle at the early part of diastole 
process. After blood fully filling the left ventricle, the MV was closed immediately to 
avoid backward blood flow. Then the AV will open when the ventricle in a contract 
condition to allow the blood flow through the AV direct in the circulatory system. The 
process open and closes for AV and MV will occur repeatedly in the heart beat system 
without pausing. 
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Figure 2.9: Cross section of normal heart 
 
Source: Article NICE Clinical Guideline (2008) 
 
2.4.1 Aortic Valve Stenosis  
 
This problem occurs when the AV becomes narrowed. So when it happens the 
circulatory system will receive inadequate blood and the left ventricle has to work 
harder to pump blood into the aorta. 
 
 If the problems become severe, it will cause a lot of health problems such as 
dizziness, faints, chest pain, shortness breath, tiredness and fluid retention in various 
tissues of the body.  
 
2.4.2 Aortic Valve Regurgitation  
 
 Aortic valve regurgitation is according to the problem of valve leaflets that 
failed to function as normal condition. This problem is referring to the leaky valve and 
cause the backward blood flow happens during the diastole process. Lists of health 
problem affected by this disease are such as dizziness, faints, chest pain, shortness 
breath, tiredness and fluid retention in various tissues of the body.  
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2.5 FLUID THEORY 
 
2.5.1 Incompressible flow 
 
A fluid flow where variations in density are sufficiently small to be negligible. 
Flows are generally incompressible either because the fluid is incompressible liquids or 
cause by the Mach number is low (roughly < 0.3).  
 
  
  
 
 
 
      
(2.1) 
 
Regarding to the scopes area of projects, the blood will be assumed as incompressible 
flow. The densities of liquids are essentially constant and thus the flow of liquids is 
typically incompressible. The pressure value , p0 will be key in as a cardiac cycle of the 
heart system as low as 5.3 kPa until 23.3 kPa.  
 
2.5.2 Navier Stokes Equation 
 
 
  ⃗ 
  
     ⃗            ⃗  
(2.2) 
 
From the scopes area of projects,the project limit to the Newtonian fluids, where 
by definition the stress tensor is linearly proportional to the strain rate tensor. Instead 
the density assumed constant and nearly isothermal flow. A further consequence of the 
latter assumption is that fluid properties such as dynamic viscosity and kinematic 
viscosity are constant as well. Notice that, the pressure value comes from the literature 
review data.In this approximation, the Navier stokes equation reduces to just two terms, 
pressure and gravity. 
 
 
 
 
